ABSTRACT-To investigate a link between membrane phospholipids and tryptamine binding molecules, we examined the effects of phospholipases A2 and D on the temperature-sensitive high-affinity [3H]tryptamine binding sites in rat brain. When the phospholipase A2-treated membranes were exposed to 1% bovine serum albumin (BSA) before assaying for [3H]tryptamine binding, a complete dose-dependent inhibi tion curve was observed. At a concentration of 0.03 U, the action of phospholipase A2 resulted in the splitting of phosphatidylserine (PS), choline phosphatides (PC) and ethanolamine phosphatides (PE) by about 32, 34 and 65%, respectively, and reduced [3H]ligand binding by about 32%. On the contrary, in the case of phospholipase D (500 U), PS and PC decreased by about 8% and 33% and PE by about 29% with no significant alteration in the binding capacity. Moreover, Scatchard analysis of the [3H]tryptamine binding showed that phospholipase A2 drastically increased only the KD value of the high affinity sites, and this was accompanied by a decrement of the Bmjtx values of both the high and low affinity binding sites. From these results, it is inferred that certain lipids (PS) may be a modulator for the function of the temperature-induced high-affinity [3H]tryptamine binding molecules.
ABSTRACT-To investigate a link between membrane phospholipids and tryptamine binding molecules, we examined the effects of phospholipases A2 and D on the temperature-sensitive high-affinity [3H]tryptamine binding sites in rat brain. When the phospholipase A2-treated membranes were exposed to 1% bovine serum albumin (BSA) before assaying for [3H]tryptamine binding, a complete dose-dependent inhibi tion curve was observed. At a concentration of 0.03 U, the action of phospholipase A2 resulted in the splitting of phosphatidylserine (PS), choline phosphatides (PC) and ethanolamine phosphatides (PE) by about 32, 34 and 65%, respectively, and reduced [3H]ligand binding by about 32%. On the contrary, in the case of phospholipase D (500 U), PS and PC decreased by about 8% and 33% and PE by about 29% with no significant alteration in the binding capacity. Moreover, Scatchard analysis of the [3H]tryptamine binding showed that phospholipase A2 drastically increased only the KD value of the high affinity sites, and this was accompanied by a decrement of the Bmjtx values of both the high and low affinity binding sites. From these results, it is inferred that certain lipids (PS) may be a modulator for the function of the temperature-induced high-affinity [3H]tryptamine binding molecules.
Recent studies employing radioreceptor binding assays have found that the [3H]trypt amine binding sites, with a KD of approx. 3 nM, have the characteristics of specific trypt amine receptors in the brain (1, 2) . In previous studies (3) (4) (5) , we reported the preincubation conditions that induce the enhancement of specific [3H]tryptamine binding in rat brain synaptic membranes. This phenomenon is fair ly physiologically temperature-dependent, and it may occur as a result of a structural change in the sites that are transformed from a state of low affinity for the [3H]ligand (KD = 32 nM) to one of higher affinity (KD = 0.45 nM). Moreover, it has been revealed that the speci fic [3H]tryptamine binding molecule(s) is a thiol protein and that the existence of the thiol group in a hydrophobic environment is essen tial for the binding of ligands by the high affinity sites.
There have been many reports investigating the role of membrane lipids in receptor mechanisms by the use of phospholipases or other methods. The authors have recently con ducted reconstitution experiments with acidic lipids which indicated that only the reconsti tuted fractions including PS regenerated a saturable high affinity binding capacity for
[3H]tryptamine (6) . However, these studies themselves were merely a model experiment in vitro and thus further investigations in the synaptic membranes preparation should be performed. The objective of the present work was to establish the possible involvement of certain acidic lipid(s) in the binding of trypt amine molecules. Through the present studies with phospholipases (A, and D), it will be shown that PS may be a modulator for the function of the temperature-induced high affinity [3H]tryptamine binding sites.
MATERIALS AND METHODS

Preparation of synaptic membranes
Whole rat brains (male Wistar 150-200g), except for the cerebellum and olfactory lobes, were homogenized in 10 vol. of 0.32 M su crose, and synaptic membranes were prepared from this homogenate by a previously re ported method (7) with minor modifications. Briefly, the synaptosomal fraction (0.8 1.2 M sucrose layer) was isolated from the crude mitochondrial fraction (P2) by discontinuous sucrose (0.32, 0.8 and 1.2 M) density gradient centrifugation (53,500 X g for 2 hr) and then was lysed with water for 30 min at 0°C (10 ml/g of original tissue). The sample was loaded onto a two-step sucrose gradient (0.8 and 1.2 M). After similar centrifugation, the 0.8 and 1.2 M layers were collected and desig nated as the synaptic membrane fraction. Finally, the membranes were suspended in 0.05 M Tris-HCl buffer, [pH 7.4 (i.e., Tris buffer) 10 mg protein/ml] and quick-frozen under liquid N2 and stored at -75°C until used, generally 1-3 weeks.
Pretreatment of membranes with phospholi pases
After rapid thawing of the frozen mem branes, samples were pretreated with phos pholipases A2 and D in Tris buffer, containing 2 mM CaCl2 for 55 min at 37°C (2 mg protein/ml). Preincubation was terminated by adding EGTA at a final concentration of 5 mM and a brief immersion in an ice bath, fol lowed immediately by centrifugation (27,000 X g for 25 min). All the treated membranes were washed once by centrifugation (27,000 X g for 25 min) with Tris buffer. The enzyme treated membranes and the control mem branes were resuspended in the above-men tioned buffer to a final suspension of 1 mg protein/ml, containing 1% (w/v) fatty acid poor BSA, unless otherwise stated. The mix tures were incubated for 30 min at 0°C and then centrifuged at 27,000 X g for 40 min. The pellets were resuspended in Tris buffer and washed once by the same centrifugation method. All the resultant pellets were resus pended in 0.05 M Tris-HCl buffer (pH 7.4) containing 0.1% ascorbic acid and 10 ,u M par gyline (i.e., standard assay medium) and were supplied for the binding assay of [3H] tryptamine. Before use, to eliminate any pro teolytic activities that may be present, phos pholipase A, was heated at 100°C for 10 min as reported previously (8).
[-;H]Tryptamine binding assay
The radioreceptor-binding assay was carried out essentially as described by Cascio and Kellar (1). A 0.5-m1 aliquot of membrane sus pension (approx. 500,ug protein) was added to tubes containing [3H]tryptamine and stan dard assay medium. Half of the tubes also contained 10 ,aM of unlabelled tryptamine to measure nonspecific binding. The tubes (1.0 ml) were incubated at 0°C for 60 min and then rapidly filtered under vacuum through Whatman GF/B filters with five rinses of 5 ml ice-cold Tris buffer. The filters were counted by a liquid scintillation counter in 10 ml of toluene/Triton X-100 (3: 1) emulsion phos phor after extraction for 3 hr with shaking. The specific binding of [3H]tryptamine was defined as the total minus the nonspecific binding. Every determination of binding was performed in triplicate, and the bound radio activities were identified as [3H]tryptamine itself by a quantitative TLC method reported previously (3). The membranous protein concentration was determined by the SDS Lowry method of Lees and Paxman (9) . The Scatchard plot data were computer-assessed by nonlinear regression analysis as reported pre viously (10) . F-test analysis (P < 0.01) was used to determine whether a one-site or two site model was more appropriate.
Lipid analysis
For lipid analysis, the phospholipase-treated and control membranes were lyophilized, and lipids were extracted according to the method of Norton et al. (11, 12) , using chloroform methanol (2 : 1, v/v) as the solvent. Individual phospholipids were determined by the quan titative TLC method using a two dimensional solvent system with chloroform -methanol ammonium hydroxide (14: 6: 1) followed by chloroform -acetone -methanol -acetic acid water (10 : 4 : 2 : 2 : 1) as described previously (13) . Total lipid phosphorus was assayed by the method of Chen et al. (14) . To calculate the molar concentration of each lipid, the fol lowing average molecular weights were used: PE, 732; PC, 804 and PS, 820.
Materials
[3H]Tryptamine (28.6-40.0 Ci/mmol) and Triton X-100 were obtained from New England Nuclear. Phospholipases AZ (EC 3.1.1.4, from Naja naja, 535 U/mg solid) and D (EC 3.1.4.4, from peanut, 155 U/mg solid), fatty acid-poor BSA (less than 0.005%) and other chemicals were from Sigma Chemical Co. Thin-layer of Kieselgel 60 was from E. Merck.
RESULTS
The interaction of [1H]tryptamine with rat brain synaptic membranes was substantially altered by pretreatment of the membranes with phospholipase A,, as shown in Fig. 1 . When the phospholipase A2-treated mem branes were exposed to defatted BSA before assaying for tryptamine binding, the complete dose-dependent inhibition curve was estab lished, and 50% inhibition was obtained at an enzyme concentration of approx. 0.1 U/mg protein. Furthermore, there was a relative cor Table 1 .
respondence between the decrease of [3H] ligand binding capacity and the degree of hydrolysis of total membrane phospholipids.
On the other hand, in the enzyme-treated membranes without BSA washing, significant inhibition was also achieved at the enzyme concentration of 0.03 U/mg protein, but this loss of [3H]tryptamine binding peculiarly did not increase by the further addition of en zyme.
To investigate the possible involvement of certain phospholipid(s) in specific [3H] tryptamine binding molecules, the enzyme treated membranes were then extracted with chloroform methanol, and the major phos pholipids, i.e., PC, PE and PS (and also sphingomyelin and phosphatidylinositol), were separated by thin layer chromatography and analyzed as described elsewhere. Figure 2 shows To clarify the mode of action of phospholi pase A2 on the high-affinity tryptamine bind ing sites, we performed a Scatchard analysis of [3H]tryptamine binding to the membrane prep arations pretreated with this enzyme. As can be seen in Fig. 3 , the Scatchard plot of [3H]tryptamine binding in the control mem branes conformed to a curved line, and non linear regression analysis demonstrated the presence of high and low affinity sites, as shown with the dashed lines. The phospholi pase A2-pretreated membranes also yielded curvilinear Scatchard plots. However, two types of inhibitory modes were observed. One is a mixed type of inhibition, and this type occurred in the pretreated membranes with further BSA washing (termed "with BSA"). The other was seen in the case of preparations without BSA washing (termed "without BSA"), which showed an apparently noncom petitive type of inhibition. The Scatchard plot data were computer-assessed by nonlinear re gression analysis, and the results obtained are summarized in Table 2 . Interesting differences in the effect of BSA treatment on the binding parameters were observed, as can be seen in Table 2 . Namely, the "without BSA" treat ment decreased the Bm.,x values of both the high and low affinity sites (no significance) and had no effect on the KD values. On the other hand, the "with BSA" treatment drasti cally increased the K1, value of only the high affinity sites in correspondence with the ap plied doses, although this treatment decreased the Borax values of both sites. In addition, we could not find any statistically significant dif ference (at P < 0.05) in the decrement of the Borax values between the high and low affinity sites. periment, performed 4 times. The computer-generated curves were obtained by nonlinear regression analysis, and the two dashed lines were generated from the cur vilinear plot of the control using a two-site model. (8, 16 19 ). Besides as already described elsewhere, from reconstitution experiments with acidic lipids, it was inferred that PS and CS may be involved in the regulation of tryptamine binding activi ties (6) . Furthermore, it has been found that Azure A, which has the greatest affinity for acidic lipids, especially for CS, affects both temperature-dependent and independent [3H] tryptamine binding to the same degree (4). All these considerations prompted us to assume the possible involvement of PS in tempera ture-induced high-affinity [3H]tryptamine bind ing.
The pretreatment condition of phospholi pases Az and D (i.e., 55 min incubation at 37°C) also corresponds to the preincubation conditions of the membranes that induce the augmentation of specific [3H]tryptamine bind ing (3) . As shown in Fig. 1 (17), benzodiaze pine (18) and dopamine D2 (19) receptors. In addition, it is well-documented that the sub strate preference of phospholipases A, and D is PS > PC > PE and PC > PE >> PS, respec tively (22) . However, our results showed that the substrate preference of phospholipases A, and D is PE > PC > PS and PC > PE >> PS, respectively (Table 1 ). At present, we have no explanation for the discrepancy with that of phospholipase A2.
To clarify the mode of action of phos pholipase A, on the temperature-induced high-affinity [3H]tryptamine binding sites, Scatchard analysis was performed ( Fig. 3 and Table 2 ). The data obtained clearly revealed that phospholipase A2 drastically increased only the KD value of the high-affinity sites, and this was accompanied by a decrement of the B,,,,,x values of both the high and low affinity binding sites. In other words, the high affinity binding sites are more lipophilic in na ture than the low affinity sites. This concept is further supported by other recent findings of our group (5) . From these studies, we have predicted that the presence of a thiol group in a hydrophobic environment such as the in tramembrane site is essential for the binding of ligands by the high-affinity sites. Taken together, these data strongly suggest that PS may be a modulator for the function of the temperature-induced high-affinity [3H]trypt amine binding molecules.
